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5RYLQJ�RQ�WKH�5HG�3ODQHW�
�
*UDGH�/HYHO���WK��WK�
�
2EMHFWLYHV���

x� 2SHUDWLRQ�RI�D�URERWLF�YHKLFOH�ZLWKRXW�GLUHFW�
REVHUYDWLRQ�RU�FRQWDFW�

x� 8QGHUVWDQGLQJ�KRZ�UHPRWH�URERWLF�URYHUV�DUH�
RSHUDWHG�

x� &RQYHUVLRQ�RI�PDWKHPDWLFDO�XQLWV�RI�WLPH�DQG�GLVWDQFH�
�
$UL]RQD�6WDWH�6WDQGDUGV��

x� �6&�3���&RPSDUH�REVHUYDWLRQV�RI�WKH�UHDO�ZRUOG�WR�REVHUYDWLRQV�RI�D�FRQVWUXFWHG�
PRGHO��32����$VVHVV�WKH�FDSDELOLW\�RI�D�PRGHO�WR�UHSUHVHQW�D�³UHDO�ZRUOG´�VFHQDULR��

x� �6&�3���32����$QDO\]H�H[SHULPHQWDO�GDWD��
�
7LPH�1HHGHG����FODVV�SHULRGV�
�
%DFNJURXQG��
5RERWLF�YHKLFOHV��VXFK�DV�WKH�6RMRXUQHU�7UXWK�URYHU�RI�WKH�3DWKILQGHU�PLVVLRQ�WR�0DUV��
DUH�EHLQJ�LQFRUSRUDWHG�LQWR�PDQ\�SODQHWDU\�VSDFH�PLVVLRQV�WR�DFW�DV�URERWLF�VFLHQWLVWV�
VLQFH�KXPDQV�FDQQRW�\HW�H[SORUH�RWKHU�SODQHWDU\�VXUIDFHV�ILUVW�KDQG���6FLHQWLVWV�EDFN�RQ�
(DUWK�FRQWURO�WKHVH�URYHUV�E\�VHQGLQJ�FRPPDQGV�YLD�UDGLR�ZDYHV�WKDW�WUDYHO�DW�WKH�
VSHHG�RI�OLJKW����������PLOHV�VHFRQG����,W�WDNHV�VRPH�WLPH�IRU�WKHVH�VLJQDOV�WR�UHDFK�WKH�
URYHU�EHFDXVH�WKH\�KDYH�WR�WUDYHO�DOO�WKH�ZD\�IURP�(DUWK�RXW�WR�RWKHU�SODQHWV���)RU�
H[DPSOH��LW�WDNHV�OLJKW�IURP�WKH�VXQ��ò�PLQXWHV�WR�UHDFK�(DUWK��D�GLVWDQFH�RI�
DSSUR[LPDWHO\�������������NLORPHWHUV���,W�WDNHV�DERXW����PLQXWHV�IRU�UDGLR�VLJQDOV�
PRYLQJ�DW�WKH�VSHHG�RI�OLJKW�WR�WUDYHO�IURP�(DUWK�WR�0DUV���7KH�H[DFW�WLPH�GHSHQGV�RQ�
WKH�DFWXDO�GLVWDQFH�EHWZHHQ�WKH�SODQHWV�DW�D�JLYHQ�WLPH�LQ�WKHLU�RUELWV��
�
%HFDXVH�LW�WDNHV�VHYHUDO�PLQXWHV�IRU�WKH�URYHUV�WR�UHFHLYH�WKHLU�FRPPDQGV��FRQWUROOHUV�
QHHG�WR�DQWLFLSDWH�VSHHG�DQG�GLUHFWLRQ���6D\�\RX�DUH�D�PLVVLRQ�VFLHQWLVW�DQG�VHQG�D�
FRPPDQG�WR�WKH�0DUV�URYHU�WHOOLQJ�LW�WR�VWDUW�PRYLQJ�IRUZDUG���,Q����PLQXWHV�WKH�URYHU�
ZLOO�VWDUW�PRYLQJ�IRUZDUG���,I�\RX�ZDQW�WKH�URYHU�WR�VWRS�PRYLQJ����PLQXWHV�DIWHU�LW�VWDUWV��
ZKHQ�ZRXOG�\RX�VHQG�WKH�VWRS�FRPPDQG"��<RX�ZRXOG�VHQG�WKH�VWRS�FRPPDQG���
PLQXWHV�DIWHU�\RX�VHQW�WKH�VWDUW�FRPPDQG���<RX�DOVR�QHHG�WR�FRQVLGHU�KRZ�ORQJ�LW�WDNHV�
WKH�URYHU�WR�FRPH�WR�D�FRPSOHWH�VWRS�DQG�DGG�WKDW�WR�WKH�WLPH�QHHGHG�IRU�WKH�URYHU�WR�
UHFHLYH�WKH�VLJQDO���6R�\RX�VHH�WKHUH�LV�D�ORW�RI�SODQQLQJ�WKDW�PXVW�JR�LQWR�JXLGLQJ�WKH�
URYHU�FRUUHFWO\���7R�NHHS�URYHUV�RXW�RI�WURXEOH��1$6$�KDV�GHVLJQHG�³6PDUW�5RYHUV´�ZLWK�
DUWLILFLDO�LQWHOOLJHQFH�WR�KHOS�JXLGH�WKHP���7R�DYRLG�FRPSOLFDWLRQV��URYHU�GULYHUV�YLHZ�WKH�
ODQGLQJ�VLWH�XVLQJ�9LUWXDO�5HDOLW\�JRJJOHV�DQG�GHVLJQ�DOO�WKH�FRPPDQGV�DKHDG�RI�WLPH�
VHQGLQJ�DQ�HQWLUH�FRPPDQG�SDFNDJH�WR�WKH�URYHU¶V�FRPSXWHU���7KH�URYHU�WKHQ�FDUULHV�
RXW�LWV�RUGHUV��KRSHIXOO\�ZLWKRXW�UXQQLQJ�LQWR�DQ\�XQZDQWHG�REVWDFOHV��
�
�

�

�



0DWHULDOV��

x� 5HPRWH�FRQWURO�FDU�RU�URYHU�

x� 0HDVXULQJ�GHYLFHV��PHWHU��\DUG�VWLFN�RU�WDSH�PHDVXUH�����SHU�WHDP�

x� 5RFNV�RU�RWKHU�REMHFWV�WR�XVH�DV�³ZD\SRLQWV´��WR�ZKLFK�WR�GULYH�WKH�FDU�RU�URYHU�

x� 6WRSZDWFKHV�

x� 3RSVLFOH�VWLFNV��SURYLGHG��

x� 3HQFLOV�

x� 0DVNLQJ�WDSH�IRU�VWDUW�DQG�ILQLVK�OLQHV�

x� &DOFXODWRUV�
�
3URFHGXUH��

��� 'LYLGH�WKH�FODVV�LQWR�JURXSV��WHDPV��RI�IRXU�WR�VL[�VWXGHQWV��
��� &KRVH�D�WHVW�GULYHU�DQG�D�FDOLEUDWLRQ�GULYHU�IRU�HDFK�WHDP���7KHVH�GULYHUV�VKRXOG�

QRW�VHH�WKH�FRXUVH���7KH\�FDQ�EH�WDNHQ�WR�DQRWKHU�URRP�RU�DUHD�EOLQG�WR�WKH�
FRXUVH��

��� 2WKHU�PHPEHUV�RI�WKH�WHDP��FRXUVH�FDOLEUDWLRQ�WHDP��ZLOO�VHW�XS�D�URYHU�FRXUVH�
RXWOLQHG�ZLWK�3RSVLFOH�VWLFNV�DQG�XVH�URFNV�RU�RWKHU�REMHFWV�DV�WDUJHWV�RU�
ZD\SRLQWV�WR�ZKLFK�WKH�URYHU�ZLOO�QDYLJDWH��

��� :KLOH�WKH�FRXUVH�FDOLEUDWRUV�DUH�VHWWLQJ�XS�WKH�FRXUVH��WKH�FDOLEUDWLRQ�GULYHU��ZLWK�
WKH�WHVW�GULYHU�KHOSLQJ��ZLOO�FDOLEUDWH�WKH�URYHU�IRU�WKH�IROORZLQJ�DQG�UHFRUG�
PHDVXUHPHQWV�RQ�WKH�5RYHU�&DOLEUDWLRQ�6KHHW��

D�� 'LVWDQFH�WUDYHOHG�LQ���VHFRQGV����WULDOV��
E�� 7LPH�QHHGHG�WR�WXUQ�LQ�����LQFUHPHQWV��D�IXOO������
F�� 7LPH�QHHGHG�IRU�D�FRPSOHWH�VWRS�
G�� $Q\�RWKHU�WHVWV�WKDW�WKH�VWXGHQWV�FDQ�FUHDWH�

��� +DYH�HDFK�FRXUVH�FDOLEUDWLRQ�WHDP�PHDVXUH�WKH�GLVWDQFH�WR�HDFK�ZD\SRLQW�RQ�
WKH�FRXUVH�DQG�UHFRUG�LW�RQ�WKH�&RXUVH�&DOLEUDWLRQ�6KHHW����

��� 1H[W��KDYH�WKH�FRXUVH�FDOLEUDWLRQ�WHDPV�PHDVXUH�WKH�WXUQ�DQJOH�QHHGHG�WR�SRLQW�
WKH�URYHU�WRZDUG�HDFK�ZD\SRLQW���7KH�WXUQV�VKRXOG�EH�LQ�����LQFUHPHQWV�IRU�
HDVLHU�PHDVXUHPHQW��

��� 2QFH�DOO�WKH�GDWD�LV�UHFRUGHG��HDFK�WHDP�ZLOO�PHHW��DZD\�IURP�WKH�FRXUVH��WR�
FUHDWH�D�PLVVLRQ�SODQ���(QWHU�WKH�GDWD�QHHGHG�WR�RSHUDWH�WKH�URYHU�DORQJ�WKH�
FRXUVH�RQWR�WKH�5RYHU�0LVVLRQ�3ODQ���8VH�WKH�&RXUVH�&DOLEUDWLRQ�6KHHW�DQG�
WKH�5RYHU�&DOLEUDWLRQ�6KHHW�WR�FRQYHUW�WKH�GLVWDQFH�DQG�DQJOH�PHDVXUHPHQWV�
LQWR�WLPH�LQWHUYDOV�IRU�HDFK�ZD\SRLQW�GHVWLQDWLRQ���)RU�H[DPSOH��LI�WKH�FRXUVH�
FDOLEUDWLRQ�WHDP�PHDVXUHG���PHWHUV�WR�WKH�ILUVW�WDUJHW�DQG�WKH�URYHU�ZDV�
FDOLEUDWHG�DW�WUDYHOLQJ���PHWHU�LQ���VHFRQGV��WKHQ�WKH�WLPH�WR�WKH�ILUVW�WDUJHW�
VKRXOG�EH���VHFRQGV���8VH�WKH�VDPH�SURFHGXUH�WR�GHWHUPLQH�WKH�WLPH�LW�WDNHV�WR�
WXUQ�D�JLYHQ�QXPEHU�RI�GHJUHHV���$Q�H[DPSOH�ZLOO�ORRN�OLNH�WKLV�����VHFRQGV�
VWUDLJKW��VWRS��OHIW���������VHFRQGV�VWUDLJKW��VWRS��ULJKW������VWRS����

��� 2QFH�DOO�WKH�GDWD�LV�FDOFXODWHG��WKH�FRXUVH�FDOLEUDWRUV�ZLOO�SODFH�WKH�URYHU�DW�WKH�
VWDUWLQJ�OLQH�RI�WKH�FRXUVH���7KH�WHVW�GULYHU��ZKR�VWLOO�FDQQRW�VHH�WKH�FRXUVH��ZLOO�
GULYH�WKH�WHDP�YHKLFOH�DFFRUGLQJ�WR�PLVVLRQ�SODQ�FDOFXODWLRQV���7KH�FDOLEUDWLRQ�
GULYHU�ZLOO�UHDG�WKH�FRPPDQGV�WR�WKH�WHVW�GULYHU�ZKLOH�DQRWKHU�WHDP�PHPEHU�
WLPHV�WKH�PRYHPHQWV�RI�WKH�URYHU���$IWHU�HDFK�WUDYHUVH�PDGH�E\�WKH�URYHU��D�
FRXUVH�FDOLEUDWLRQ�WHDP�PHPEHU�ZLOO�PHDVXUH�KRZ�IDU�WKH�URYHU�PRYHG�DQG�
UHFRUG�LW�RQ�WKH�([SHULPHQW�$QDO\VLV�6KHHW���(DFK�VWXGHQW�ZLOO�EH�UHVSRQVLEOH�
IRU�ILOOLQJ�RXW�KLV�RU�KHU�RZQ�VKHHW��



��� $IWHU�HDFK�WHDP�KDV�FRPSOHWHG�WKH�FRXUVH��WKH�DFWXDO�WUDYHUVH�UHVXOWV�DUH�
FRPSDUHG�ZLWK�WKH�FDOLEUDWHG�PHDVXUHPHQWV�DQG�UHFRUGHG�RQ�WKH�([SHULPHQW�
$QDO\VLV�6KHHW���(DFK�WHDP�ZLOO�EH�JLYHQ�WLPH�WR�GHWHUPLQH�ZKDW�NLQG�RI�
DGMXVWPHQWV�DUH�QHHGHG�WR�GULYH�WKH�URYHU�PRUH�DFFXUDWHO\���$W�WKLV�SRLQW�WKH�
FRXUVH�FDQ�EH�GULYHQ�DJDLQ�RU�WKH�FODVV�FDQ�SDUWLFLSDWH�LQ�D�GLVFXVVLRQ�RQ�ZKDW�
WKH\�PLJKW�KDYH�GRQH�GLIIHUHQWO\�DQG�KRZ�WR�LPSURYH�WKHLU�UHVXOWV��

�
$VVHVVPHQW��
6WXGHQWV¶�FDOLEUDWLRQ�VKHHWV��PLVVLRQ�SODQV��DQG�DQDO\VLV�VKHHWV�FDQ�EH�WXUQHG�LQ���$�
JUDGH�FDQ�DOVR�EH�JLYHQ�IRU�WHDP�SDUWLFLSDWLRQ��
�
&ORVXUH��
+DYH�WKH�VWXGHQWV�H[SORUH�WKH�IROORZLQJ�ZHEVLWHV�RQ�0DUV�5RYHUV��
�
7KH�$WKHQD�5RYHU�+RPHSDJH��0DUV�6DPSOH�UHWXUQ�PLVVLRQ�±�
KWWS���DWKHQD�FRUQHOO�HGX�
�
/$3,6�6WXGHQW�5RYHU�0LVVLRQ��),'2�5RYHU�±�
KWWS���ILGR�MSO�QDVD�JRY�
�
0DUV�3DWKILQGHU�0LVVLRQ��6RMRXUQHU�7UXWK�5RYHU�±�
KWWS���PSIZZZ�MSO�QDVD�JRY�03)�PSI�URYHU�RSV�KWPO�
�
9RFDEXODU\��
5RYHU��ZD\SRLQWV��FDOLEUDWLRQ�
�
5HIHUHQFH��
³2XW�RI�VLJKW´�5HPRWH�9HKLFOH�$FWLYLW\��0DUV�$FWLYLWLHV��7HDFKHU�5HVRXUFHV�DQG�
&ODVVURRP�$FWLYLWLHV��$UL]RQD�6WDWH�8QLYHUVLW\��0DUV�.����(GXFDWLRQ�3URJUDP��
�
$GGLWLRQDO�5HVRXUFHV��
KWWS���PDUV�MSO�QDVD�JRY�PLVVLRQV�IXWXUH������KWPO�
KWWS���URERWLFV�MSO�QDVD�JRY��
KWWS���ZZZ�SODQHWDU\�RUJ�UUJWP�PHU�URYHUV�KWPO�
KWWS���ZZZ�QDVP�VL�HGX�FHSV�HWS�WRROV�WRROVBURYHU�KWPO�

http://athena.cornell.edu/
http://fido.jpl.nasa.gov/
http://mpfwww.jpl.nasa.gov/MPF/mpf/rover-ops.html
http://mars.jpl.nasa.gov/missions/future/2003.html
http://robotics.jpl.nasa.gov/
http://www.planetary.org/rrgtm/mer-rovers.html
http://www.nasm.si.edu/ceps/etp/tools/tools_rover.html


5RYHU�&DOLEUDWLRQ�6KHHW�
�

7HDP�1DPHBBBBBBBBBBBBBBBBBBBBB�<RXU�1DPHBBBBBBBBBBBBBBBBBBBBBBB�
�
&DOLEUDWLRQ�7HVWV��

8VLQJ�D�VWRSZDWFK�DQG�D�PHWHU�VWLFN��\DUG�VWLFN��RU�PHDVXULQJ�WDSH�UHFRUG�WKH�WLPH�DQG�
GLVWDQFH�RI�WKH�URYHU�GXULQJ�WKH�WHVWV���$OO�PHDVXUHPHQWV�VKRXOG�EH�WDNHQ�WKH�VDPH�ZD\�
HYHU\�WLPH�IRU�DFFXUDF\����
�
'LVWDQFH�URYHU�WUDYHOV�LQ���VHFRQGV�

75,$/� ',67$1&(��LQ�PHWHUV�RU�IHHW��

��� �

��� �

��� �

�
&DOFXODWH�DYHUDJH�GLVWDQFH��
�
���7ULDO����
���7ULDO����
��7ULDO����

� ���������� �BBBBBBBBBBB�$YHUDJH�GLVWDQFH���VHFRQGV��
�
7R�FDOFXODWH�KRZ�IDU�WKH�URYHU�WUDYHOV�LQ���VHFRQG��GLYLGH�WKH�$YHUDJH�GLVWDQFH���
VHFRQGV�E\����
�
�������������  �$YHUDJH�GLVWDQFH�VHFRQG�
�
5RYHU�7XUQ�7LPH��

$1*/(�,1�'(*5((6� 6(&21'6�72�&203/(7(�7851�
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7,0(�1(('('�)25�$�&203/(7(�6723�BBBBBBBBBBBBBBBB�6(&21'6�
�
,QYHQW�\RXU�RZQ�WHVW��
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&RXUVH�&DOLEUDWLRQ�6KHHW�
�

7HDP�1DPHBBBBBBBBBBBBBBBBBBBBB�<RXU�1DPHBBBBBBBBBBBBBBBBBBBBBBB�
�

)LUVW�\RX�PXVW�ZRUN�ZLWK�PHPEHUV�RI�DOO�FRXUVH�FDOLEUDWLRQ�WHDPV�WR�GHVLJQ�D�
V\PPHWULFDO�URYHU�FRXUVH���8VH�WKH�SRSVLFOH�VWLFNV�WR�RXWOLQH�\RXU�FRXUVH�DQG�PDNH�D�
VWDUW�DQG�ILQLVK�OLQH�XVLQJ�WKH�PDVNLQJ�WDSH���7KHQ��XVLQJ�D�PHWHU�VWLFN��\DUGVWLFN��RU�
PHDVXULQJ�WDSH��UHFRUG�WKH�GLVWDQFH�WR�HDFK�ZD\SRLQW���&DOFXODWH�WKH�WXUQ�DQJOHV�WKH�
URYHU�ZLOO�PDNH�WR�OLQH�XS�VWUDLJKW�ZLWK�WKH�QH[W�ZD\SRLQW���$OO�PHDVXUHPHQWV�VKRXOG�EH�
WDNHQ�WKH�VDPH�ZD\�HYHU\�WLPH�IRU�DFFXUDF\��
�
&RXUVH�&DOLEUDWLRQ�&KDUW�
�

:$<32,17� ',67$1&(��PHWHUV�RU�IHHW�� 7851�$1*/(�
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6NHWFK�D�GLDJUDP�RI�WKH�FRXUVH�EHORZ��
�
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5RYHU�0LVVLRQ�3ODQ�
�

7HDP�1DPHBBBBBBBBBBBBBBBBBBBBB�<RXU�1DPHBBBBBBBBBBBBBBBBBBBBBBB�
�

'LUHFWLRQV��8VLQJ�WKH�GDWD�IURP�WKH�5RYHU�DQG�WKH�&RXUVH�&DOLEUDWLRQ�6KHHWV�GHVLJQ�D�
PLVVLRQ�SODQ�WR�JHW�\RXU�URYHU�WR�HDFK�RI�WKH�ZD\SRLQWV�DQG�WR�WKH�HQG�RI�WKH�FRXUVH���
8VH�WKH�DYHUDJH�VSHHG��PHWHUV�VHFRQG��DQG�WKH�PHDVXUHG�FRXUVH�GLVWDQFH�WR�SODQ�KRZ�
ORQJ�\RXU�URYHU�ZLOO�UXQ�LQ�HDFK�GLUHFWLRQ�DQG�KRZ�PXFK�WLPH�LV�QHHGHG�WR�WXUQ�\RXU�
URYHU�WKH�ULJKW�GLVWDQFH�VR�LW�FDQ�UHDFK�WKH�QH[W�ZD\SRLQW��
�
0LVVLRQ�3ODQ�&KDUW�
�

:D\SRLQW�
��

'LVWDQFH�WR�
ZD\SRLQW�

7LPH�LW�ZLOO�WDNH�
URYHU�WR�UHDFK�
ZD\SRLQW�

$QJOH�WR�WXUQ�WR�
UHDFK�QH[W�
ZD\SRLQW�

7LPH�LWV�WDNHV�URYHU�WR�
WXUQ�LQ�WKH�GLUHFWLRQ�RI�
WKH�QH[W�ZD\SRLQW�

���

� � � �
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� � � �
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� � � �
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� � � �
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([SHULPHQW�$QDO\VLV�6KHHW�
�

7HDP�1DPHBBBBBBBBBBBBBBBBBBBBB�<RXU�1DPHBBBBBBBBBBBBBBBBBBBBBBB�
�

)LOO�LQ�WKH�FKDUW�ZLWK�WKH�GDWD�\RXU�WHDP�FROOHFWHG�DQG�DQVZHU�WKH�TXHVWLRQV�EHORZ�LW��
�

:D\SRLQW��� $FWXDO�PHDVXUHPHQWV�
WR�ZD\SRLQWV�

$FWXDO�GLVWDQFH�
WUDYHOHG�E\�URYHU�

'LIIHUHQFH�LQ�
PHDVXUHPHQWV�

��� � � �

��� � � �

��� � � �

��� � � �

��� � � �

��� � � �

),1,6+� � � �

�
4XHVWLRQV��

��� 'LG�\RXU�DFWXDO�WHVW�UHVXOWV�GLIIHU�IURP�WKH�LQLWLDO�FDOLEUDWHG�GLVWDQFHV"��,I�VR��KRZ"�
�
�
�
�

��� +RZ�GRHV�RSHUDWLQJ�D�URYHU�LQ�WKLV�ZD\�GLIIHU�IURP�EHLQJ�DEOH�WR�GLUHFWO\�YLHZ�WKH�
URYHU�ZKLOH�GULYLQJ�LW"�

�
�
��
�

��� :KDW�FKDQJHV�FRXOG�\RX�KDYH�PDGH�WKDW�ZRXOG�JLYH�\RX�PRUH�DFFXUDWH�UHVXOWV"�
�
�
�
�

��� :KDW�GLG�\RX�WKLQN�RI�WKLV�OHVVRQ"��:RXOG�\RX�KDYH�GRQH�LW�D�GLIIHUHQW�ZD\"�
���
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